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Abstract of Doctoral Dissertation of Academic Year 2018
Internet Based Visuo-Audio-Haptic Sensory Information
Communication in Telexistence
Category: Science / Engineering
Summary
Various communication media have been developed because of the desire to freely
communicate with remote areas. This research address on Telexistence on the
Internet and make physical activity possible in a remote place with an immersive
sensation.
It is necessary to consider various problems when transferring information on
the Internet. When communicating on the Internet, it is necessary to consider
various problems. First, it is dicult to establish communication beyond NAT
and Firewall. Then, the transmitted information is inuenced by the quality of
the communication route. Finally, these problems are not clear to anyone other
than network engineers. These are major barriers for robot engineers who are the
main implementers of Telexistence. The communication engine developed in this
paper is based on the premise that they can be utilized without being conscious
of these problems. For this reason, the communication engine of this paper was
implemented based on the communication protocol called WebRTC widely utilized
by robot engineers in the market.
Analysis of Telexistence system communication revealed that delay, jitter and
loss have a large inuence. We implemented a communication engine that can
mitigate these eects. We built a complete system by combining with the existing
Telexistence system and evaluated it.
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With regard to delay, we implemented a function to dynamically select the ap-
propriate communication model. This makes it possible to suppress the transfer
delay on the communication path. Furthermore, we adopted a system congura-
tion in which the internal processing for generating delay was minimized. Mea-
sured value of the total processing time on the transmitting side and the receiving
side is about 1 ms on average. In view of the processing time of the existing
Telexistence system and the actual communication delay measured in the market,
it can be applied to the preceding use case.
With regard to jitter, I rst focused on the dierence between how audiovisual
information and tactile information are transferred in WebRTC. Tactile informa-
tion tends to be output prior to visual information because of the nature of the
transfer. Therefore, even if waiting for synchronizing with the visual information
is put in the output of the tactile information, the overall delay does not increase.
In the environment with various jitter, the output time of visual information and
tactile information are compared, and it is evaluated whether the synchronization
deviation falls within the communication requirement range. By comparing this
result with measured values in the market environment, I found that the standard
WebRTC implementation can be used for WiFi and LTE under good radio wave
conditions, and that the proposed method can be used in several poor communica-
tion environments as well, like overcrowded WiFi, LTE at the Shinagawa station
on the commuter rush, inside the train running on the Tokaido Line.
With regard to loss, in view of the situation in the market, paying attention
to the fact that loss occurs mainly in the radio section with weak radio waves,
we adopted a conguration that can take communication path redundancy and
communicate using a good quality line . As a result, it was shown that the com-
munication can be continued by appropriately selecting a communication network
of a good quality carrier.
The above implementation is transient as it is based on the premise that this
method should utilize existing Telexistence system and WebRTC's standard spec-
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ication in 2018. It will be possible to choose better communication method after
the standard specication of WebRTC will be expanded in the future. From this
point of view, the communication engine implemented in this paper also has the
function of communicating outside the WebRTC standard. With this function,
users can select an experimental implementation without waiting the WebRTC
standard specication update. It also contributes to the discussion on the future
expansion of WebRTC standard specications.
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1. 序論 1.1. 本研究の背景
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 RFC7798: RTP Payload Format for High Eciency Video Coding (HEVC)
[33]
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2. 今日の Telexistenceシステム 2.3. 普及のための要求条件
 RFC7941: RTP Header Extension for the RTP Control Protocol (RTCP)





 RFC3711: The Secure Real-time Transport Protocol (SRTP) [12]
 RFC4771: Integrity Transform Carrying Roll-Over Counter for the Secure
Real-time Transport Protocol (SRTP) [35]
 RFC5116: An Interface and Algorithms for Authenticated Encryption [36]
 RFC5124: Extended Secure RTP Prole for Real-time Transport Control
Protocol (RTCP)-Based Feedback (RTP/SAVPF) [37]
 RFC5763: Framework for Establishing a Secure Real-time Transport Pro-
tocol (SRTP) Security Context Using Datagram Transport Layer Security
(DTLS) [38]
 RFC5764: Datagram Transport Layer Security (DTLS) Extension to Estab-
lish Keys for the Secure Real-time Transport Protocol (SRTP) [39]
 RFC6188: The Use of AES-192 and AES-256 in Secure RTP [40]
 RFC6904: Encryption of Header Extensions in the Secure Real-time Trans-
port Protocol (SRTP) [41]
 RFC7714: AES-GCM Authenticated Encryption in the Secure Real-time




2. 今日の Telexistenceシステム 2.3. 普及のための要求条件
 RFC2246: The TLS Protocol Version 1.0 [43]
 RFC4246: International Standard Audiovisual Number (ISAN) URN De-
nition [44]
 RFC4347: Datagram Transport Layer Security [45]
 RFC4366: Transport Layer Security (TLS) Extensions [46]
 RFC4492: Elliptic Curve Cryptography (ECC) Cipher Suites for Transport
Layer Security (TLS) [47]
 RFC5077: Transport Layer Security (TLS) Session Resumption without
Server-Side State [48]
 RFC5246: The Transport Layer Security (TLS) Protocol Version 1.2 [49]
 RFC5288: AES Galois Counter Mode (GCM) Cipher Suites for TLS [50]
 RFC5705: Keying Material Exporters for Transport Layer Security (TLS)
[51]
 RFC6066: Transport Layer Security (TLS) Extensions: Extension Deni-
tions [52]
 RFC6347: Datagram Transport Layer Security Version 1.2 [53]
 RFC7027: Elliptic Curve Cryptography (ECC) Brainpool Curves for Trans-
port Layer Security (TLS) [54]
 RFC7507: TLS Fallback Signaling Cipher Suite Value (SCSV) for Prevent-
ing Protocol Downgrade Attacks [55]
 RFC7539: ChaCha20 and Poly1305 for IETF Protocols [56]
 RFC7685: A Transport Layer Security (TLS) ClientHello Padding Exten-
sion [57]
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 RFC3264: An Oer/Answer Model with Session Description Protocol (SDP)
[16]
 RFC4566: SDP: Session Description Protocol [58]





 RFC5389: Session Traversal Utilities for NAT (STUN) [14]
 RFC5245: Interactive Connectivity Establishment (ICE): A Protocol for
Network Address Translator (NAT) Traversal for Oer/Answer Protocols
[15]
 RFC5769: Test Vectors for Session Traversal Utilities for NAT (STUN) [60]
 RFC6336: IANA Registry for Interactive Connectivity Establishment (ICE)
Options [61]
 RFC6544: TCP Candidates with Interactive Connectivity Establishment
(ICE) [62]
 RFC7350: Datagram Transport Layer Security (DTLS) as Transport for
Session Traversal Utilities for NAT (STUN) [63]
 RFC7675: Session Traversal Utilities for NAT (STUN) Usage for Consent
Freshness [64]
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 RFC5766: Traversal Using Relays around NAT (TURN): Relay Extensions
to Session Traversal Utilities for NAT (STUN) [17]
 RFC6062: Traversal Using Relays around NAT (TURN) Extensions for TCP
Allocations [65]





 RFC6386: VP8 Data Format and Decoding Guide [67]
 RFC6838: Media Type Specications and Registration Procedures [68]
 RFC7742: WebRTC Video Processing and Codec Requirements [69]
 RFC7874: WebRTC Audio Codec and Processing Requirements [70]
























































Window of Integration(TWI)と呼ばれる [78]．このTWIはあくまで主観的な認識
範囲であるため個人差があり，また計測の際にも，丁寧に実験を構成し注意深く聞
き取りを行わなければ，被験者の判断が影響を受けることが知られており，代表的
には 2つの方法が知られている．1つが Synchrony-Asynchrony Judgments(SAS)，
もう一つがTemporal Order Judgments(TOJ)である [79] [80] [81] [82] [83]．
SAS, TOJ双方において，対象となる 2つの感覚刺激 (便宜上刺激Aと刺激Bと
19
3. クロスモーダルの認識 3.1. クロスモーダル認識の調査手法について
呼ぶ)の提示のタイミングに相対的な時間差を付け，被験者が同一事象であると







た点がPoints of Subjective Simultaneity(PSS)である．そして 50%認識点とPSS









じたという回答と刺激 Bを先に感じたという回答が 1:1になる点を PSS，刺激A









の計測は 2つの感覚間での比較になるため，視覚-聴覚, 視覚-触覚, 聴覚-触覚それ
20

















































































































3. クロスモーダルの認識 3.3. 視覚{触覚間のクロスモーダル
本節での調査結果をまとめると以下のようになる．

















































passive-touchが 83:6 16:3(ms)，視覚情報がない active-touchが 50:1 6:5(ms)，







3. クロスモーダルの認識 3.4. 聴覚{触覚間のクロスモーダル
表 3.1 先行研究 [78]における PSS, JNDの計測値とTWI
passive-touch active-touch
視覚補助なし PSS: 約 20ms PSS: 約 20ms
JND: 約 83:6 16:3ms JND: 約 50:1 6:5ms
TWI: 約 103:6 16:3ms TWI: 約 70:1 6:5ms
　　　　  63:6m16:3ms 　　　　  30:1 6:5ms
視覚補助あり PSS: 約 20ms PSS  4:4 5:3ms
JND: 約 38:3 7:0ms JND: 約 35:0 7:0ms
TWI: 約 58:3 7:0ms TWI: 約 39:6 7:0ms
　　　  18:3 7:0ms 　　　  30:6 7:0ms















3. クロスモーダルの認識 3.5. まとめ
の計測を行っており，PSSは有意差が見られなかったものの JNDについては平





果であったとしている (表 3.2，この表の正の SOAは触覚が先行することを意味
する)．この結果は他の先行研究 [80]と異なっており，何らかの整理すべき別の要
因が存在することが示唆されているが，詳細については明らかになっていない．
表 3.2 先行研究 [99]における PSS, JNDの計測値
被験者 提示位置 JND PSS
グループ 平均 (ms) SEM(ms) 平均 (ms) SEM(ms)
初心者 同じ場所 75.1 8.7 1.1 8.9
異なる場所 81.6 15.1 6.5 13.9
熟練者 同じ場所 44.7 3.0 19.2 7.0
異なる場所 42.4 2.9 12.5 6.1
1 表中の負の PSS, TWIは触覚が視覚より先行することを示す











































































































































































































































































































































他にも予想される攻撃は多岐にわたる．例えばDenial of Service attackのよう
なネットワークや機械の処理不可を増大させる攻撃のようなものが想定されるが，
39


















































信する (図 5.1中 (1))．中継サーバは受信した操縦信号を，ロボットから中継サー
バへの通信の折り返し通信として送信する (図 5.1中 (2))．操縦信号を受信したロ
ボットは，その信号に応じて動作した後，センサデータを五感情報として中継サー
バへ送信する (図 5.1中 (3))．中継サーバは受信した五感情報を，操縦端末から中






























この IPアドレスとポート番号の情報を折り返し通信に載せて返信する (図 5.2中
(1))．STUNパケットの送信者は，折り返し通信を確認することで，自身に向け
た折り返し通信を成立させるための IPアドレスとポート番号を取得し，これを何
らかの方法で本来通信したい相手に伝達する (図 5.2中 (2))．この伝達は感覚情報
43



















てパケットを送信する (図 5.2中 (3))．通信経路上にあるNATや Firewallが折り
返し通信と誤認すれば，自身の内部へと転送が行われるので，直接通信に成功す




































































にはPrivate IPアドレス同士で通信することが望ましい (図 5.4中 (1))．同一構内
に居ない場合は STUNサーバを利用して発見したGlobal IPアドレスを用いた直
46



































































































































































対して操作指示を行う (図 6.3中 (1))．この操作により，まず外部プログラムから
データを受け取るため，Content Socketの開放処理とPluginのロード (同図中 (2),
(3))を行う．続いてWebRTC Engineを操作し，外部のWebRTC Instanceとの
間にWebRTCセッションの確立を行う (同図中 (4))．このそれぞれについて，処









User Programへ返す (同図中 (13))．
SkyWay WGは Linux(Ubuntu 18.04, 16.04, etc.)及びWindows(10, 8, 7)上で
53































6. 通信エンジンの設計 6.2. コア通信機能



































































図 6.4 SkyWay WGを利用したTelexistenceシステムの一連の視覚情報処理の中
で大きく遅延を生じさせる処理








































































































































ポート, STUNを用いて取得したゲートウェイの通信ポート, 及び TURNサーバ
59


































IP_sa, IP_xd -> IP_ia
IP_sb, IP_xe -> IP_ib
IP_sc, IP_xf -> IP_ic
図 6.6 マルチパスWebRTCのための構成
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6. 通信エンジンの設計 6.4. ユーザプログラムとの連携
SkyWay
WG









































































7. 性能評価 7.1. 市中の環境について







電波強度 (dBm) -37 -46 -61
stdev(ms) 10.0 15.2 25.0
到着パケット数 1000/1000 997/1000 999/1000
ping結果 (参考) min: 4.3ms min: 4.4ms min: 5.4ms
avg: 6.5ms avg: 12.7ms avg: 7.8ms






















7. 性能評価 7.1. 市中の環境について
のため企業名は伏せることにし，参考程度に iPhoneのField Test Modeで表示さ
れる電波強度を記載した．但し走行中の電車に関しては移動に伴い電波強度が変
化し続けたため，記載を割愛した．
表 7.2 日本の携帯電話網における上り方向通信の計測値 通常時
開けた屋外 (慶応大学三田キャンパス中庭)
a社 b社 c社 d社 (MVNO)
電波強度 (dBm) -83 -73 -67 -93
stdev(ms) 14.7 13.2 12.9 12.2
到着パケット数 1000/1000 1000/1000 1000/1000 1000/1000
ping結果 (参考) min: 20.3ms min: 35.4ms min: 19.9ms min: 35.3ms
avg: 37.0ms avg: 60.1ms avg: 29.2ms avg: 51.9ms
max: 68.1ms max: 1004.7ms max: 44.4ms max: 75.6ms
屋内 (NTTCom田町ビル 16F)
a社 b社 c社 d社 (MVNO)
電波強度 (dBm) -79 -61 -75 -65
stdev(ms) 22.7 18.6 9.3 21.4
到着パケット数 1000/1000 1000/1000 1000/1000 1000/1000
ping結果 (参考) min: 31.2ms min: 35ms min: 21.9ms min: 35.0ms
avg: 46.9ms avg: 74.1ms avg: 62.4ms avg: 60.8ms









7. 性能評価 7.1. 市中の環境について
表 7.3 日本の携帯電話網における上り方向通信の計測値 過酷な状況での計測
過密地域 (品川駅 17:30～18:30)
a社 b社 c社 d社 (MVNO)
電波強度 (dBm) -69 -77 -77 -63
stdev(ms) 28.1 37.6 9.9 34.3
到着パケット数 1000/1000 991/1000 1000/1000 1000/1000
ping結果 (参考) min: 22.5ms min: 25.9ms min: 21.8ms min: 34.3ms
avg: 44.3ms avg: 71.6ms avg: 73.1ms avg: 66.7ms
max: 466.4ms max: 514.2ms max: 815.0ms max: 451.7ms
走行中の電車 (品川～横浜間)
a社 b社 c社 d社 (MVNO)
電波強度 (dBm) - - - -
stdev(ms) 13.1 13.9 190.1 30.2
到着パケット数 1000/1000 997/1000 998/1000 1000/1000
ping結果 (参考) min: 31.8ms min: 28.5ms min: 21.7ms min: 34.0ms
avg: 59.5ms avg: 52.7ms avg: 42.2ms avg: 86.6ms
max: 236.6ms max: 240.8ms max: 233.0ms max: 873.2ms
電波の弱い場所 (慶応大学協生館図書館)
a社 b社 c社 d社 (MVNO)
電波強度 (dBm) -97 -105 -89 -93
stdev(ms) 8.0 24284.8 4056.4 25.0
到着パケット数 1000/1000 318/1000 1000/1000 999/1000
ping結果 (参考) min: 35.5ms min: 25.8ms min: 31.2ms min: 37.2ms
avg: 53.4ms avg: 56.0ms avg: 84.3ms avg: 55.5ms
max: 90.4ms max: 1050.7ms max: 4152.8ms max: 181.4ms
67
















































図 7.1 SkyWay WGの遅延評価












Physical Toolkitを SkyWay WGを利用してインターネット上で転送を行う場
合，暗号化と復号化処理にかかる 1msと，インターネット上の片道の転送遅延を
加算することになる．日本国内で東京～札幌間の片道の通信遅延を計測したとこ
ろ，10  20ms程度であった．東京から札幌の Telexistenceロボットを操縦する
69
















































sudo tc qdisc add dev root handle 1:0 netem delay t1ms t2ms distri-
bution normal
このコマンドは，このデバイスを通る通信パケットに対して，t1 t2msの範囲内
で遅延を設定するということを意味する．この t1, t2のペアは，設定A(0ms, 0ms),
設定B(100ms, 10ms), 設定C(100ms, 20ms), 設定D(100ms, 30ms), 設定E(100ms,
40ms), 設定 F(100ms, 50ms), 設定G(100ms, 60ms), 設定 H(100ms, 70ms), 設定



































7. 性能評価 7.3. ジッタの定量評価
表 7.5 標準的なWebRTC実装での計測値 (表中の値の単位はms)
設定A 設定B 設定C 設定D 設定 E
avg 42.3 49.9 58.6 67.0 76.9
min 26.0 32.5 30.0 31.0 33.5
max 64.5 69.5 86.5 101.5 124.5
stdev 6.9 8.3 12.6 16.4 24.2
設定 F 設定G 設定H 設定 I 設定 J
avg 84.4 104.5 116.3 113.2 134.8
min 34 27.5 36.5 32.5 9.5
max 157 183.5 199.5 205.5 223.5
stdev 29.4 39.0 41.0 46.2 53.4
表 7.6 提案手法での計測値 (表中の値の単位はms)
設定A 設定B 設定C 設定D 設定 E
avg 22.6 20.897 21.092 18.7 22.1
min 4.1 1.5 1 0.5 -9.5
max 33.1 34.5 36.1 44 47.6
stdev 6.23 6.5 6.9 7.5 9.2
設定 F 設定G 設定H 設定 I 設定 J
avg 20.8 21.4 21.5 21.3 39.6
min 0.5 1.6 -10.5 -7.0 14.0
max 50.5 55.5 59.0 54.0 69.0
stdev 10.0 9.5 12.2 11.6 12.9
73














































































































図 7.5 設定値 Jにおいて同時に入力した視覚情報と触覚情報の出力時刻の差
　　　 (但し触覚センサ及び提示装置の機械駆動遅延を含まない)
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578個のペアのうち 22個の 33ms間隔を，設定Gで 10秒間に届いた 526個のペア
のうち 70個の 33ms間隔と 2個の 49ms間隔を，設定 Jで 10秒間に届いた 493個



































7. 性能評価 7.4. ロスの定量影響評価
表 7.7 通信環境計測値
setting 設定A 設定B 設定C 設定D 設定 E
stdev(ms) 0.4 5.8 11.8 17.4 22.7
setting 設定 F 設定G 設定H 設定 I 設定 J













ネットワークエミュレータにロス率 0.2%, 0.4%, 0.6%, 0.8%, 1%, 1.2%, 1.4%


















































7. 性能評価 7.4. ロスの定量影響評価
も連続的な圧力刺激の中の特定の瞬間の圧力変化が再現できないに留まるため，
影響は比較的小さいと考えられる．








Physical Toolkitが 60秒間に送出する RTPパケットを確認したところ，全体
として 37,700発のRTPパケットが送出され，そのうち IDRフレームは 432発で
あった．IDRフレームは 10秒程度の間隔を持って送信されており，最初は映像の
送信開始直後に送信される．各 IDRフレームについて，概ね 40  70パケット程
度に分割され連続的に送信される．H.264転送はFECの機能を持つが，FECで再
現できない程度の欠損が生じると IDRフレームが利用不能となる．




































7. 性能評価 7.5. ジッタのユーザ影響評価

















































ば，TWIが 58:3 7:0  18:3 7:0msであることを考えると，機械駆動遅延と












































7. 性能評価 7.6. ロスのユーザ影響評価
じ得る．表 7.6で設定Gでも上限と下限の間が 50ms程度であることから，提案手
法においては概ねTWIの範囲内に収まっていると考えられる．設定H，Iにおけ
































































図 7.12 提案手法における視覚情報提示に対する触覚情報提示の先行の程度 (設定
I)
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一般的なWindows Driverの最大 baud rateが 921600，FTDI社の製品で最大 3M
89
7. 性能評価 7.7. 本研究の適用範囲











であることが知られており ( [121], [122])，十分な情報量を持つことになる．
従って本手法により，Oculus Touch [123]のような市販の触覚デバイスを活用












































































































8. 普及活動 8.1. ブラウザを用いた実現性確認と標準化
8.1. ブラウザを用いた実現性確認と標準化
本稿で利用したWebRTCは本来Web技術として利用するために開発された通













































































getUserMedia APIで取得する．但し getUserMedia APIはビデオカメラとマイク


















































れた IMS World ForumではKey Speakerとして招待を受け講演を行った．また
オーム社の雑誌OHMの VR特集号でも Telexistenceに関する記事を求められ寄
98
































































































































































参 考 文 献
[1] Susumu Tachi. Telexistence. World Scientic, 2010.
[2] Charith Lasantha Fernando, Masahiro Furukawa, Tadatoshi Kurogi, Sho
Kamuro, Katsunari Sato, Kouta Minamizawa, and Susumu Tachi. De-
sign of TELESAR V for transferring bodily consciousness in telexistence.
In IEEE/RSJ International Conference on Intelligent Robots and Systems
(IROS), pp. 5112{5118, 2012.
[3] Daniel Lewis. What is web 2.0? Crossroads, Vol. 13, No. 1, pp. 3{3,
September 2006. URL: http://doi.acm.org/10.1145/1217666.1217669,
doi:10.1145/1217666.1217669.
[4] Google. Google Maps, 2005. URL: https://www.google.com/maps.
[5] Susumu Tachi. Haptic Media: Construction and Utilization of Haptic Vir-
tual Reality and Haptic Telexistence. Vol. 1, pp. 137{167, January 2016.
doi:10.1007/978-4-431-55867-5.
[6] Steven Johnson. Where Good Ideas Come From: The Natural History of
Innovation. Riverhead Books, 2010.
[7] marketsandmarkets. Telepresence (Videoconferencing) Market by Compo-
nent (Hardware, Software and Service), System Type (immersive Telepres-
ence, Personal Telepresence, Holographic Telepresence, and Robotic Telep-
resence), Industry, and Geography - Global Forecast to 2022. 2016.
[8] Double Robotics. Double, 2016. URL: http://www.doublerobotics.com/.
106
参考文献
[9] QB2.0. Anybots, 2016. URL: http://www.anybots.com/.
[10] W3C. WebRTC 1.0: Real-time Communication Between Browsers. http://
dev.w3.org/2011/webrtc/editor/webrtc.html, 2011.
[11] marketsandmarkets. Web Real-Time Communication Market by Product
Type (Solution (Voice Calling & Conferencing, Messaging & File Sharing,
Video Calling & Conferencing, Others), Service (Implementation & Inte-
gration, Consulting, Others)), Vertical, and by Region - Global Forecast to
2022. 2017.
[12] M. Baugher, D. McGrew, M. Naslund, E. Carrara, and K. Norrman.
The Secure Real-time Transport Protocol (SRTP). RFC 3711 (Proposed
Standard), March 2004. Updated by RFCs 5506, 6904. URL: https:
//www.rfc-editor.org/rfc/rfc3711.txt, doi:10.17487/RFC3711.
[13] IETF. Stream control transmission protocol, 2007.
[14] Philip Matthews, Jonathan Rosenberg, Dan Wing, and Rohan Mahy. Ses-
sion Traversal Utilities for NAT (STUN). RFC 5389, October 2008. URL:
https://rfc-editor.org/rfc/rfc5389.txt, doi:10.17487/RFC5389.
[15] Jonathan Rosenberg. Interactive Connectivity Establishment (ICE): A Pro-
tocol for Network Address Translator (NAT) Traversal for Oer/Answer
Protocols. RFC 5245, April 2010. URL: https://rfc-editor.org/rfc/
rfc5245.txt, doi:10.17487/RFC5245.
[16] Henning Schulzrinne and Jonathan Rosenberg. An Oer/Answer Model
with Session Description Protocol (SDP). RFC 3264, July 2002. URL:
https://rfc-editor.org/rfc/rfc3264.txt, doi:10.17487/RFC3264.
[17] Philip Matthews, Jonathan Rosenberg, and Rohan Mahy. Traversal Using
Relays around NAT (TURN): Relay Extensions to Session Traversal Utilities
107
参考文献
for NAT (STUN). RFC 5766, April 2010. URL: https://rfc-editor.org/
rfc/rfc5766.txt, doi:10.17487/RFC5766.
[18] Henning Schulzrinne, Stephen L. Casner, Ron Frederick, and Van Jacobson.
RTP: A Transport Protocol for Real-Time Applications. RFC 3550, July
2003. URL: https://rfc-editor.org/rfc/rfc3550.txt, doi:10.17487/
RFC3550.
[19] Stephen L. Casner and Henning Schulzrinne. RTP Prole for Audio and
Video Conferences with Minimal Control. RFC 3551, July 2003. URL:
https://rfc-editor.org/rfc/rfc3551.txt, doi:10.17487/RFC3551.
[20] Carsten Burmeister, Jose Rey, Noriyuki Sato, Joerg Ott, and Stephan
Wenger. Extended RTP Prole for Real-time Transport Control Proto-
col (RTCP)-Based Feedback (RTP/AVPF). RFC 4585, July 2006. URL:
https://rfc-editor.org/rfc/rfc4585.txt, doi:10.17487/RFC4585.
[21] Stephen L. Casner. Media Type Registration of RTP Payload Formats.
RFC 4855, February 2007. URL: https://rfc-editor.org/rfc/rfc4855.
txt, doi:10.17487/RFC4855.
[22] Bo Burman, Stephan Wenger, Magnus Westerlund, and Umesh Chandra.
Codec Control Messages in the RTP Audio-Visual Prole with Feedback
(AVPF). RFC 5104, February 2008. URL: https://rfc-editor.org/rfc/
rfc5104.txt, doi:10.17487/RFC5104.
[23] Magnus Westerlund and Ingemar Johansson. Support for Reduced-Size
Real-Time Transport Control Protocol (RTCP): Opportunities and Con-
sequences. RFC 5506, April 2009. URL: https://rfc-editor.org/rfc/
rfc5506.txt, doi:10.17487/RFC5506.
[24] Colin Perkins and Magnus Westerlund. Multiplexing RTP Data and Control




[25] Colin Perkins and Thomas Schierl. Rapid Synchronisation of RTP
Flows. RFC 6051, November 2010. URL: https://rfc-editor.org/rfc/
rfc6051.txt, doi:10.17487/RFC6051.
[26] Randell Jesup, Tom Kristensen, Yekui Wang, and Roni Even. RTP Pay-
load Format for H.264 Video. RFC 6184, May 2011. URL: https://rfc-
editor.org/rfc/rfc6184.txt, doi:10.17487/RFC6184.
[27] Thomas Schierl, Alex Eleftheriadis, Stephan Wenger, and Ye-Kui Wang.
RTP Payload Format for Scalable Video Coding. RFC 6190, May
2011. URL: https://rfc-editor.org/rfc/rfc6190.txt, doi:10.17487/
RFC6190.
[28] Magnus Westerlund, Ingemar Johansson, Colin Perkins, Piers O'Hanlon,
and Ken Carlberg. Explicit Congestion Notication (ECN) for RTP over
UDP. RFC 6679, August 2012. URL: https://rfc-editor.org/rfc/
rfc6679.txt, doi:10.17487/RFC6679.
[29] Julian Spittka, Koen Vos, and Jean-Marc Valin. RTP Payload Format for
the Opus Speech and Audio Codec. RFC 7587, June 2015. URL: https:
//rfc-editor.org/rfc/rfc7587.txt, doi:10.17487/RFC7587.
[30] Magnus Westerlund and Stephan Wenger. RTP Topologies. RFC 7667,
November 2015. URL: https://rfc-editor.org/rfc/rfc7667.txt, doi:
10.17487/RFC7667.
[31] Bo Burman, Azam Akram, Roni Even, and Magnus Westerlund. RTP
Stream Pause and Resume. RFC 7728, February 2016. URL: https://rfc-
editor.org/rfc/rfc7728.txt, doi:10.17487/RFC7728.
[32] Patrik Westin, Henrik Lundin, Michael Glover, Justin Uberti, and Frank
Galligan. RTP Payload Format for VP8 Video. RFC 7741, March




[33] Ye-Kui Wang, Yago Sanchez, Thomas Schierl, Stephan Wenger, and
Miska M. Hannuksela. RTP Payload Format for High Eciency Video
Coding (HEVC). RFC 7798, March 2016. URL: https://rfc-editor.
org/rfc/rfc7798.txt, doi:10.17487/RFC7798.
[34] Magnus Westerlund, Bo Burman, Roni Even, and Mo Zanaty. RTP Header
Extension for the RTP Control Protocol (RTCP) Source Description Items.
RFC 7941, August 2016. URL: https://rfc-editor.org/rfc/rfc7941.
txt, doi:10.17487/RFC7941.
[35] Karl Norrman, Mats Naslund, and Vesa Lehtovirta. Integrity Transform
Carrying Roll-Over Counter for the Secure Real-time Transport Protocol
(SRTP). RFC 4771, January 2007. URL: https://rfc-editor.org/rfc/
rfc4771.txt, doi:10.17487/RFC4771.
[36] Dr. David A. McGrew. An Interface and Algorithms for Authenticated
Encryption. RFC 5116, January 2008. URL: https://rfc-editor.org/
rfc/rfc5116.txt, doi:10.17487/RFC5116.
[37] Elisabetta Carrara and Joerg Ott. Extended Secure RTP Prole for Real-
time Transport Control Protocol (RTCP)-Based Feedback (RTP/SAVPF).
RFC 5124, February 2008. URL: https://rfc-editor.org/rfc/rfc5124.
txt, doi:10.17487/RFC5124.
[38] Hannes Tschofenig, Eric Rescorla, and Jason Fischl. Framework for Es-
tablishing a Secure Real-time Transport Protocol (SRTP) Security Con-
text Using Datagram Transport Layer Security (DTLS). RFC 5763, May
2010. URL: https://rfc-editor.org/rfc/rfc5763.txt, doi:10.17487/
RFC5763.
[39] Dr. David A. McGrew and Eric Rescorla. Datagram Transport Layer
Security (DTLS) Extension to Establish Keys for the Secure Real-time
110
参考文献
Transport Protocol (SRTP). RFC 5764, May 2010. URL: https://rfc-
editor.org/rfc/rfc5764.txt, doi:10.17487/RFC5764.
[40] Dr. David A. McGrew. The Use of AES-192 and AES-256 in Secure RTP.
RFC 6188, March 2011. URL: https://rfc-editor.org/rfc/rfc6188.
txt, doi:10.17487/RFC6188.
[41] Jonathan Lennox. Encryption of Header Extensions in the Secure Real-time
Transport Protocol (SRTP). RFC 6904, April 2013. URL: https://rfc-
editor.org/rfc/rfc6904.txt, doi:10.17487/RFC6904.
[42] Dr. David A. McGrew and Kevin Igoe. AES-GCM Authenticated En-
cryption in the Secure Real-time Transport Protocol (SRTP). RFC 7714,
December 2015. URL: https://rfc-editor.org/rfc/rfc7714.txt, doi:
10.17487/RFC7714.
[43] Christopher Allen and Tim Dierks. The TLS Protocol Version 1.0. RFC
2246, January 1999. URL: https://rfc-editor.org/rfc/rfc2246.txt,
doi:10.17487/RFC2246.
[44] Michael Dolan. International Standard Audiovisual Number (ISAN) URN
Denition. RFC 4246, February 2006. URL: https://rfc-editor.org/
rfc/rfc4246.txt, doi:10.17487/RFC4246.
[45] Eric Rescorla and Nagendra Modadugu. Datagram Transport Layer Se-
curity. RFC 4347, April 2006. URL: https://rfc-editor.org/rfc/
rfc4347.txt, doi:10.17487/RFC4347.
[46] Tim Wright, Simon Blake-Wilson, Jan Mikkelsen, Magnus Nystrom, and
David Hopwood. Transport Layer Security (TLS) Extensions. RFC 4366,




[47] Bodo Moeller, Nelson Bolyard, Vipul Gupta, Simon Blake-Wilson, and Chris
Hawk. Elliptic Curve Cryptography (ECC) Cipher Suites for Transport
Layer Security (TLS). RFC 4492, May 2006. URL: https://rfc-editor.
org/rfc/rfc4492.txt, doi:10.17487/RFC4492.
[48] Pasi Eronen, Hannes Tschofenig, Hao Zhou, and Joseph A. Salowey. Trans-
port Layer Security (TLS) Session Resumption without Server-Side State.
RFC 5077, January 2008. URL: https://rfc-editor.org/rfc/rfc5077.
txt, doi:10.17487/RFC5077.
[49] Eric Rescorla and Tim Dierks. The Transport Layer Security (TLS) Pro-
tocol Version 1.2. RFC 5246, August 2008. URL: https://rfc-editor.
org/rfc/rfc5246.txt, doi:10.17487/RFC5246.
[50] Joseph A. Salowey, Dr. David A. McGrew, and Abhijit Choudhury. AES
Galois Counter Mode (GCM) Cipher Suites for TLS. RFC 5288, August
2008. URL: https://rfc-editor.org/rfc/rfc5288.txt, doi:10.17487/
RFC5288.
[51] Eric Rescorla. Keying Material Exporters for Transport Layer Security
(TLS). RFC 5705, March 2010. URL: https://rfc-editor.org/rfc/
rfc5705.txt, doi:10.17487/RFC5705.
[52] Donald E. Eastlake 3rd. Transport Layer Security (TLS) Extensions:
Extension Denitions. RFC 6066, January 2011. URL: https://rfc-
editor.org/rfc/rfc6066.txt, doi:10.17487/RFC6066.
[53] Eric Rescorla and Nagendra Modadugu. Datagram Transport Layer Secu-
rity Version 1.2. RFC 6347, January 2012. URL: https://rfc-editor.
org/rfc/rfc6347.txt, doi:10.17487/RFC6347.
[54] Johannes Merkle and Manfred Lochter. Elliptic Curve Cryptography (ECC)
Brainpool Curves for Transport Layer Security (TLS). RFC 7027, October
112
参考文献
2013. URL: https://rfc-editor.org/rfc/rfc7027.txt, doi:10.17487/
RFC7027.
[55] Bodo Moeller and Adam Langley. TLS Fallback Signaling Cipher Suite
Value (SCSV) for Preventing Protocol Downgrade Attacks. RFC 7507, April
2015. URL: https://rfc-editor.org/rfc/rfc7507.txt, doi:10.17487/
RFC7507.
[56] Yoav Nir and Adam Langley. ChaCha20 and Poly1305 for IETF Protocols.
RFC 7539, May 2015. URL: https://rfc-editor.org/rfc/rfc7539.txt,
doi:10.17487/RFC7539.
[57] Adam Langley. A Transport Layer Security (TLS) ClientHello Padding
Extension. RFC 7685, October 2015. URL: https://rfc-editor.org/
rfc/rfc7685.txt, doi:10.17487/RFC7685.
[58] Colin Perkins, Mark J. Handley, and Van Jacobson. SDP: Session Descrip-
tion Protocol. RFC 4566, July 2006. URL: https://rfc-editor.org/
rfc/rfc4566.txt, doi:10.17487/RFC4566.
[59] Henning Schulzrinne and Gonzalo Camarillo. The Session Description
Protocol (SDP) Grouping Framework. RFC 5888, June 2010. URL:
https://rfc-editor.org/rfc/rfc5888.txt, doi:10.17487/RFC5888.
[60] Remi Denis-Courmont. Test Vectors for Session Traversal Utilities for NAT
(STUN). RFC 5769, April 2010. URL: https://rfc-editor.org/rfc/
rfc5769.txt, doi:10.17487/RFC5769.
[61] Colin Perkins and Magnus Westerlund. IANA Registry for Interactive
Connectivity Establishment (ICE) Options. RFC 6336, July 2011. URL:
https://rfc-editor.org/rfc/rfc6336.txt, doi:10.17487/RFC6336.
[62] Jonathan Rosenberg, Ari Keranen, Bruce Lowekamp, and Adam Roach.
TCP Candidates with Interactive Connectivity Establishment (ICE). RFC
113
参考文献
6544, March 2012. URL: https://rfc-editor.org/rfc/rfc6544.txt,
doi:10.17487/RFC6544.
[63] Marc Petit-Huguenin and Gonzalo Salgueiro. Datagram Transport Layer
Security (DTLS) as Transport for Session Traversal Utilities for NAT
(STUN). RFC 7350, August 2014. URL: https://rfc-editor.org/rfc/
rfc7350.txt, doi:10.17487/RFC7350.
[64] Muthu Arul Mozhi Perumal, Dan Wing, Ram R, Tirumaleswar Reddy, and
Martin Thomson. Session Traversal Utilities for NAT (STUN) Usage for
Consent Freshness. RFC 7675, October 2015. URL: https://rfc-editor.
org/rfc/rfc7675.txt, doi:10.17487/RFC7675.
[65] Jonathan Rosenberg and Simon Perreault. Traversal Using Relays around
NAT (TURN) Extensions for TCP Allocations. RFC 6062, November
2010. URL: https://rfc-editor.org/rfc/rfc6062.txt, doi:10.17487/
RFC6062.
[66] Gonzalo Camarillo, Simon Perreault, and Oscar Novo. Traversal Using Re-
lays around NAT (TURN) Extension for IPv6. RFC 6156, April 2011. URL:
https://rfc-editor.org/rfc/rfc6156.txt, doi:10.17487/RFC6156.
[67] Paul Wilkins, Yaowu Xu, Lou Quillio, James Bankoski, Janne Salonen,
and John Koleszar. VP8 Data Format and Decoding Guide. RFC 6386,
November 2011. URL: https://rfc-editor.org/rfc/rfc6386.txt, doi:
10.17487/RFC6386.
[68] Ned Freed, Dr. John C. Klensin, and Tony Hansen. Media Type Speci-
cations and Registration Procedures. RFC 6838, January 2013. URL:
https://rfc-editor.org/rfc/rfc6838.txt, doi:10.17487/RFC6838.
[69] A.B. Roach. WebRTC Video Processing and Codec Requirements. RFC




[70] JM. Valin and C. Bran. WebRTC Audio Codec and Processing Re-
quirements. RFC 7874 (Proposed Standard), May 2016. URL: https:
//www.rfc-editor.org/rfc/rfc7874.txt, doi:10.17487/RFC7874.
[71] Stephane Proust. Additional WebRTC Audio Codecs for Interoperability.
RFC 7875, May 2016. URL: https://rfc-editor.org/rfc/rfc7875.txt,
doi:10.17487/RFC7875.
[72] Oculus. Oculus Rift, 2016. URL: https://www.oculus.com/rift/.
[73] HTC. HTC Vive, 2016. URL: https://www.vive.com/.
[74] Sony. Playstation VR, 2016. URL: http://www.jp.playstation.com/
psvr/.
[75] Kouta Minamizawa, Souichiro Fukamachi, Hiroyuki Kajimoto, Naoki
Kawakami, and Susumu Tachi. Gravity grabber: Wearable haptic dis-
play to present virtual mass sensation. In ACM SIGGRAPH 2007
Emerging Technologies, SIGGRAPH '07, New York, NY, USA, 2007.
ACM. URL: http://doi.acm.org/10.1145/1278280.1278289, doi:10.
1145/1278280.1278289.
[76] Kouta Minamizawa, Yasuaki Kakehi, Masashi Nakatani, Soichiro Mihara,
and Susumu Tachi. Techtile toolkit: A prototyping tool for designing haptic
media. In ACM SIGGRAPH 2012 Emerging Technologies, SIGGRAPH '12,
pp. 22:1{22:1, New York, NY, USA, 2012. ACM. URL: http://doi.acm.
org/10.1145/2343456.2343478, doi:10.1145/2343456.2343478.
[77] OptiTrack. OptiTrack, 2014. URL: https://www.optitrack.com/
products/v120-trio/.
[78] Zhuanghua Shi, Sandra Hirche, Werner X. Schneider, and Hermann Muller.
Inuence of visuomotor action on visual-haptic simultaneous perception: A
psychophysical study. pp. 65{70, 04 2008.
115
参考文献
[79] Mark Elliott, Zhuanghua Shi, and Fatma Surer. The eects of subthreshold
synchrony on the perception of simultaneity. Vol. 71, pp. 687{93, 12 2007.
[80] Ira J. Hirsh and C.E. Jr. Sherrick. Perceived order in dierent sense modal-
ities. Vol. 62, pp. 423{32, 12 1961.
[81] Charles Spence, David Shore, and Raymond Klein. Multisensory prior entry.
Vol. 130, pp. 799{832, 01 2002.
[82] James Stone, N.M. Hunkin, John Porrill, R Wood, V Keeler, M Beanland,
M Port, and N.R. Porter. When is now? perception of simultaneity. Vol.
268, pp. 31{8, 02 2001.
[83] Massimiliano Zampini, David Shore, and Charles Spence. Audiovisual tem-
poral order judgments. Vol. 152, pp. 198{210, 10 2003.
[84] D. Collett. Modelling binary data, Vol. Chapman & Hall/CRC texts in
statistical science series. Chapman & Hall/CRC, second edition edition,
2003.
[85] Massimiliano Zampini, Steve Guest, David I. Shore, and Charles Spence.
Audio-visual simultaneity judgments. Perception & Psychophysics, Vol. 67,
No. 3, pp. 531{544, Apr 2005. URL: https://doi.org/10.3758/
BF03193329, doi:10.3758/BF03193329.
[86] Keith Purpura, Daniel Tranchina, Ehud Kaplan, and Robert Shapley. Light
adaptation in the primate retina: Analysis of changes in gain and dynamics
of monkey retinal ganglion cells. Vol. 4, pp. 75{93, 02 1990.
[87] William W. Campbell, L Ward, and Thomas R. Swift. Nerve conduction
veocity varies inversely with height. Vol. 4, pp. 520{3, 11 1981.
[88] Daniel Slutsky and Gregg Recanzone. Temporal and spatial dependency, of
the ventriloquism eect. Vol. 12, pp. 7{10, 02 2001.
116
参考文献
[89] James V M Hanson, James Heron, and David Whitaker. Recalibration of
perceived time across sensory modalities. Vol. 185, pp. 347{52, 03 2008.
[90] Erich von Holst and Horst Mittelstaedt. Das reaerenzprinzip. Vol. 37, pp.
464{476, 01 1950.
[91] BENJAMIN LIBET, CURTIS A. GLEASON, ELWOODW.WRIGHT, and
Dennis Pearl. Time of conscious intention to act in relation to onset of
cerebral activity (readiness-potential): The unconscious initiation of a freely
voluntary act. Vol. 106 (Pt 3), pp. 623{42, 10 1983.
[92] J R Duhamel, C L Colby, and M E Goldberg. The updating of the repre-
sentation of visual space in parietal cortex by intended eye movements. Vol.
255, pp. 90{2, 02 1992.
[93] M Concetta Morrone, John Ross, and David Burr. Saccadic eye movements
cause compression of time as well as space. Vol. 8, pp. 950{4, 08 2005.
[94] H H KORNHUBER and Luder Deecke. Changes in the brain potential in
voluntary movements and passive movements in man: Readiness potential
and reaerent potentials. Vol. 284, pp. 1{17, 06 1965.
[95] Rebecca Winter, Vanessa Harrar, Marta Gozdzik, and Laurence Harris. The
relative timing of active and passive touch. Vol. 1242, pp. 54{8, 11 2008.
[96] Charles Spence, Roland Baddeley, Massimiliano Zampini, Robert James,
and David Shore. Multisensory temporal order judgments: When two loca-
tions are better than one. Vol. 65, pp. 318{28, 03 2003.
[97] Marc O. Ernst, J.-P. Bresciani, and K. Drewing. Feeling what you hear:
Auditory signals can modulate the perception of tactile taps, 2004.
[98] Jordi Navarra, Salvador Soto-Faraco, and Charles Spence. Adaptation to
audiotactile asynchrony. Vol. 413, pp. 72{6, 03 2007.
117
参考文献
[99] Massimiliano Zampini, Timothy Brown, David Shore, Angelo Maravita,
Brigitte Roeder, and Charles Spence. Audiotactile temporal order judg-
ments. Vol. 118, pp. 277{91, 04 2005.
[100] H. Zimmermann. OSI Reference Model{The ISO Model of Architecture for
Open Systems Interconnection. Communications, IEEE Transactions on
[legacy, pre - 1988], Vol. 28, No. 4, pp. 425{432, 1980.
[101] Internet Engineering Task Force. RFC 791 Internet Protocol - DARPA
Inernet Programm, Protocol Specication, September 1981.
[102] Dr. Steve E. Deering and Robert M. Hinden. Internet Protocol, Version 6
(IPv6) Specication. RFC 8200, July 2017. URL: https://rfc-editor.
org/rfc/rfc8200.txt, doi:10.17487/RFC8200.
[103] Robert G. Moskowitz, Daniel Karrenberg, Yakov Rekhter, Eliot Lear, and
Geert Jan de Groot. Address Allocation for Private Internets. RFC 1918,
February 1996. URL: https://rfc-editor.org/rfc/rfc1918.txt, doi:
10.17487/RFC1918.
[104] Kjeld Borch Egevang and Pyda Srisuresh. Traditional IP Network Address
Translator (Traditional NAT). RFC 3022, January 2001. URL: https:
//rfc-editor.org/rfc/rfc3022.txt, doi:10.17487/RFC3022.
[105] Brian Haberman and Robert M. Hinden. Unique Local IPv6 Unicast Ad-
dresses. RFC 4193, October 2005. URL: https://rfc-editor.org/rfc/
rfc4193.txt, doi:10.17487/RFC4193.
[106] Joseph J. LaViola, Jr. A discussion of cybersickness in virtual environments.
SIGCHI Bull., Vol. 32, No. 1, pp. 47{56, January 2000. URL: http://doi.
acm.org/10.1145/333329.333344, doi:10.1145/333329.333344.
[107] Robert S. Kennedy, Norman E. Lane, Kevin S. Berbaum, and Michael G.
Lilienthal. Simulator sickness questionnaire: An enhanced method
118
参考文献
for quantifying simulator sickness. The International Journal of Avi-




[108] Yusuke Hiwasaki, Shigeaki Sasaki, Hitoshi Ohmuro, Takeshi Mori, Jongmo
Seong, Mi Suk Lee, Balazs Kovesi, Stephane Ragot, Jean Luc Garcia, Claude
Marro, Lei Miao, Jianfeng Xu, Vladimir Malenovsky, Jimmy Lapierre, and
Roch Lefebvre. G.711.1: A wideband extension to ITU-T G.711. In Euro-
pean Signal Processing Conference, 2008.
[109] Jean-Marie Normand, Bernhard Spanlang, Franco Tecchia, Marcello Car-
rozzino, David Swapp, and Mel Slater. Full body acting rehearsal in
a networked virtual environment-a case study. Presence: Teleoper. Vir-
tual Environ., Vol. 21, No. 2, pp. 229{243, April 2012. URL: http:
//dx.doi.org/10.1162/PRES_a_00089, doi:10.1162/PRES_a_00089.
[110] Diego R. C. Dias, Marcelo P. Guimar~aes, Torsten W. Kuhlen, and Luis C.
Trevelin. A dynamic-adaptive architecture for 3d collaborative virtual en-
vironments based on graphic clusters. In Proceedings of the 30th Annual
ACM Symposium on Applied Computing, SAC '15, pp. 480{487, New York,
NY, USA, 2015. ACM. URL: http://doi.acm.org/10.1145/2695664.
2695762, doi:10.1145/2695664.2695762.
[111] J. Postel. Transmission Control Protocol. RFC 793 (Standard), September
1981. Updated by RFCs 1122, 3168. URL: http://www.ietf.org/rfc/
rfc793.txt.
[112] George C. Clark and J. Bibb Cain. Error-Correction Coding for Digital
Communications. Perseus Publishing, 1981.
119
参考文献
[113] IETF. Traversal using relays around nat (turn): Relay extensions to session
traversal utilities for nat (stun), 2010.
[114] callstats.io. WebRTC - an analytics perspective, 2016. URL:
http://www.slideshare.net/callstatsio/webrtc-an-analytics-
perspective-by-callstatsio.
[115] J. Postel and J. K. Reynolds. RFC 959: File transfer protocol, Oc-





[116] David Astely, Erik Dahlman, Anders Furuskar, Ylva Jading, Magnus Lind-
strom, and Stefan Parkvall. Lte: The evolution of mobile broadband.
Comm. Mag., Vol. 47, No. 4, pp. 44{51, April 2009. URL: http://dx.doi.
org/10.1109/MCOM.2009.4907406, doi:10.1109/MCOM.2009.4907406.
[117] Anagha Rathkanthiwar and Mridula Korde. Technical white paper on \time
and frequency synchronization in ofdm". In Vinu V. Das, Gylson Thomas,
and Ford Lumban Gaol, editors, Information Technology and Mobile Com-
munication, pp. 74{81, Berlin, Heidelberg, 2011. Springer Berlin Heidelberg.
[118] JR東日本. 各駅の乗車人員 2016年度, 2016. URL: http://www.jreast.
co.jp/passenger/index.html.
[119] MHD Yamen Saraiji. Embodied-Driven Design: a Framework to Congure
Body Representation & Mapping. PhD thesis, Keio University, 2017.
[120] Charith Lasantha Fernando, MHD Yamen Saraiji, Yoshio Seishu, Nobuo
Kuriu, Kouta Minamizawa, and Susumu Tachi. Eectiveness of Spatial
Coherent Remote Drive Experience with a Telexistence Backhoe for Con-
struction Sites. In Masataka Imura, Pablo Figueroa, and Betty Mohler,
120
参考文献
editors, ICAT-EGVE 2015 - International Conference on Articial Reality
and Telexistence and Eurographics Symposium on Virtual Environments, pp.
69{75. The Eurographics Association, 2015. doi:10.2312/egve.20151312.
[121] S J Bolanowski, George Gescheider, R T Verrillo, and C M Checkosky. Four
channels mediate the mechanical aspects of touch. Vol. 84, pp. 1680{94, 12
1988.
[122] K. B. Shimoga. A survey of perceptual feedback issues in dexterous tele-
manipulation. i. nger force feedback. In Proceedings of IEEE Virtual
Reality Annual International Symposium, pp. 263{270, Sep 1993. doi:
10.1109/VRAIS.1993.380770.
[123] Oculus. Oculus Touch, 2016. URL: https://www.oculus.com/rift/.
[124] D. Lee and K. Huang. Peer-to-peer control architecture for multiuser haptic
collaboration over undirected delayed packet-switching network. In 2010
IEEE International Conference on Robotics and Automation, pp. 1333{1338,
May 2010. doi:10.1109/ROBOT.2010.5509578.
[125] CodeIQ. Webrtc開発者にはたまらない！ 徹頭徹尾、デベロッパーファース
トだった「skyway developer meetup #1」. https://codeiq.jp/magazine/
2017/10/54732/, 2017.
[126] Bing Wu, Sung Hun Sim, Andinet Enquobahrie, and Ricardo Ortiz. Ef-
fects of visual latency on visual-haptic experience of stiness. In Quality of






















































































































































































































































































































































































































図 A.20 提案手法における視覚情報提示に対する触覚情報提示の先行の程度 (設
定 J)
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